A modified integral counting method (MICM) with various quenched samples (MICM-VQ) has been investigated for its applicability for different scintillators using b emitters, 14 C and 35 S. To assess the influence of scintillators, three sets of 14 C quenched standards and two 35 S cocktail series were prepared. Two sets of 14 C quenched standards were used for the toluene-compatible scintillator, the other for the Ultima Gold™ scintillator. Sulfur-35 cocktail series were prepared with either Ecoscint™ XR or Ultima Gold™ AB. The radioactivity of these samples was determined using the MICM-VQ, with the results conforming to assayed values. Hence the MICM-VQ can assay the radioactivity of sample cocktails with various scintillators and requires no standard sample.
, conventional integral counting method (CiCM) 5, 6) , modified integral counting method (MiCM) 7, 8) , CiEMat/ Nist 9, 10) , efficiency tracing method 11) ).
the MiCM was proposed by Homma et al. 7) who modified the CiCM by extrapolating integral counting curves to the zero detection threshold (ZDt) rather than the zero pulse height.
at the ZDt, the integral counts coincide with the radioactivity of the sample. they determined the ZDt by measuring an 12) .
We evaluated the MiCM with various quenched samples (MiCM-VQ) and various scintillators to assess the applicability of the MiCM-VQ for other scintillators.
Experimental
2-1. MICM for various quenched samples the prepared liquid scintillation cocktails each contained a radioactive sample of the same amount but a quencher of differing amounts. the scintillation spectra of these prepared cocktails were measured using a liquid scintillation counter (Ls counter) and were converted to integral scintillation spectra using the formula for the integral count rate IC(chi) at a given integral channel number chi
where ch is the channel number, which is proportional to the b particle energy, and C(ch) is the count rate at the given channel.
the integral scintillation spectra are plots of the integral count rate against the integral channel number, respectively. in MiCM, the observed integral counts of a 3 H unquenched standard are plotted at several integral channel numbers and the curve is then extrapolated to the integral count rate, which is equivalent to its disintegration rate. the integral channel number at this integral count rate represents the ZDt. in MiCM-VQ, quadratic regression curves, which are obtained by the leastsquares method, are drawn on the integral scintillation spectra curves 12) . Where the quadratic regression curve fits the integral scintillation spectrum curve corresponds to the area above 50 chi. this area is selected because the low-channel area below the peak of the scintillation spectrum is affected by poor detection of low energy b particle by Ls counter. in previous paper 12) the high channel number was initially set to be 1000 chi and the fitted function was examined by the adjusted R 2 ≥ 0.9997, that is, in R 2 < 0.9997 from 50 chi to 1000 chi, the high channel number was reduced to be satisfied R 2 ≥ 0.9997. in this paper, however, the high channel number was found to satisfy R 2 ≥ 0.9997, not set the upper limit of 1000 chi because the disintegration rate of unknown sample was calculated more precisely. the curves of the quadratic regression converge to a point, which is determined from the minimum relative standard deviation (≤ 0.2%) of the fitting functions for a given integral channel number. the integral count rate at the point of convergence
indicates the actual disintegration rate for the samples.
2-2. Reagents of radionuclides

2-2-1. Carbon-14
For 14 C, three sets of quenched standards were used to understand the influence of the scintillators. Details are listed in table 1. the samples were sealed in glass vials. spectral data for ultima Gold™ obtained from a previous report were used 12) .
2-2-2. Sulfur-35
For 35 s, sodium sulfate aqueous solution labeled by 35 s as source was purchased from Japan radioisotope association (PerkinElmer). the radioactivity of the solution was diluted to 7 kBq mL −1 . one milliliter of solution was inserted into a 20-mL plastic vial (PerkinElmer, super Polyethylene Vial with Quick Closure), and the six sample vials were ready in total.
to each sample vial, 0, 1, 2, 3, 4, 5 mL of ultrapure water was added as a quencher. Either Ecoscint™ Xr or ultima Gold™ aB scintillator was added to bring the total sample volume to 15 mL. to calculate uncertainties for this procedure, the masses improved method on liquid scintillation counting 2-2-3. Instruments the scintillation spectra were measured using a Ls counter (aLoka LsC-5100), which has a 4096-channel pulse-height analyzer. the external standard channels ratio (EsCr) was adopted as a quench-indicating parameter. the EsCr decreases with increasing quenching.
Results and Discussions
3-1. Integral scintillation spectra from the sets of 14 C quenched standards
For the integral scintillation spectra of 14 C (left column in Fig. 1) , the integral count rates are shown as light gray bold lines and the quadratic regression curves are drawn as colored solid lines. in Fig. 1 (c) , the ultima Gold™ spectral data were used 12) ; however, the shape of the quadratic regression curves is slightly different from the corresponding figure in that report because there the high channel number used in quadratic regression fitting was set equal to or less than 1000 chi. the slope of the quadratic regression curve steepens with increasing quenching. to determine the point of convergence, the integral scintillation spectra were enlarged (right column in Fig. 1 ).
Because severely quenched samples prevent convergence to a point, some quadratic regression curves associated with low
EsCr have been omitted from the evaluation of the point of convergence. the main reason is that the shape of the scintillation spectra from the set of 14 C quenched standards manufactured by PaCkarD (Fig. 2) in the low pulse-height region is constrained by a discrimination level and a coincidence unit in the Ls counter. therefore integral spectra of severely quenched samples are significantly affected by components of the Ls counter in comparison with that of less quenched samples. in the MiCM-VQ, the influence from components of a Ls counter prevents a point of convergence occurring. in regard to quenching correction curves, the appropriate quadratic curves were chosen from three sets of quenched standards (Fig. 3) . the three quenching correction curves are very similar and from each curve, the part of the quadratic regression curve for which the counting efficiency was more than about 90%, was selected as input for the MiCM-VQ to determine the point of convergence. that is, for the aLoka samples, the PaCkarD samples, and the PerkinElmer samples, the points of convergence were obtained using the quadratic regression curves for which the EsCr was equal to or higher than 2.05, 2.06, and 2.06, respectively. the disintegration rates obtained and these relative uncertainties are 79.7 kdpm ± 1.4% for the aLoka sample, 129.9 kdpm ± 1.3% for the PaCkarD sample, and 123.8 kdpm ± 1.3% for the PerkinElmer sample in the coverage factor k = 2. these values almost agree with assayed values (table 1) . this demonstrates that the MiCM-VQ is adaptable to various scintillators and yields accurate disintegration rates when quenching in samples is not severe. 3-2. The integral scintillation spectra from 35 S quenched sample sets the integral scintillation spectra obtained for 35 s are given in the left column in Fig. 4 . in Fig. 4(b) , ultima Gold™ aB spectral data were used 12) , although again the shape of the quadratic regression curves is slightly different for the same reason as previously mentioned in section 3.1. in regard to determining the point of convergence, the integral scintillation spectra were enlarged (right column in Fig. 4 ). For Ecoscint™ Xr and ultima Gold™ aB samples, convergence was obtained from the quadratic regression curves for which the EsCr was equal to or higher than 2.30 and 2.92, respectively, and the EsCrs were slightly higher compared with those in 14 C determination. Values of the disintegration rates and relative the scintillator constituents of each sample were similar to those of each 14 C quenched standard set. the values obtained using the MiCM-VQ also agreed well with those using EsCr. in contrast, the activity of 35 s sample using ultima Gold™ aB was determined using the CiEMat/Nist method 12) . the activity of 35 s and its relative uncertainty is found to be 402 kdpm ± 1.4%
in the coverage factor k = 2. the results indicate that the MiCM-VQ has great potential in the determination of the disintegration rate of b emitters without needing a standard sample of a particular nuclide and can also be adopted for various scintillators. 
Conclusions
